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Description 

FIELD OF THE INVENTION 

s [0001] The present invention relates to an optical compensatory sheet comprising a cellulose ester support and an 
optically anisotropic layer containing a discotic liquid crystal molecule. The invention also relates to a liquid crystal dis- 
play using the optical compensatory sheet. 

BACKGROUND OF THE INVENTION 

[0002] A cellulose ester film, particularly a cellulose acetate film is used in various photographic or optical elements 
because it has tough and enough flame retardant properties. The cellulose ester film is used in a liquid crystal display 
(LCD). The cellulose ester film has a high optical isotropy (a low retardation value) compared with other polymer films. 
Accordingly, the cellulose ester film is usually used as an optical element requiring an optical isotropy, such as a pro- 
15 tective film of a polarizing element or a color filter. 

[0003] On the other hand, an optical compensatory sheet requires a high optical anisotropy (a high retardation value). 
Accordingly, a synthetic polymer film having a high retardation value, such as a polycarbonate film or a polysuHbne film 
is usually used as the optical compensatory sheet. 

[0004] Japanese Patent Provisional Publication Nos. 3(1 991 )-9325, 6(1 994)-1 48429, 8(1 996)-50206, 9(1 997)-26572, 

20 U.S. Patent Nos. 5,583,679 and 5,646,703 disclose another optical compensatory sheet, which comprises a transpar- 
ent support and an optically anisotropic layer containing a discotic liquid crystal molecule. The high retardation value of 
the optical compensatory sheet is obtained by the optically anisotropic layer containing the discotic liquid crystal mole- 
cule. A cellulose ester film is usually used as the transparent support, because the support preferably has a high optical 
isotropy (a low retardation value). 

25 [0005] The above-mentioned optical compensatory sheet using the discotic liquid crystal molecule has usually been 
constructed to optically compensate a liquid crystal cell of a twisted nematic (TN) mode, which is used in a TFT liquid 
crystal display. If the optical compensatory sheet is used for a liquid crystal cell of another mode, such as a veritably 
aligned (VA) mode, an optically compensatory bend (OCB) mode or a hybrid aligned nematic (HAN) mode, the sheet 
cannot completely compensate the cell. 

30 [0006] The optically anisotropic layer containing the discotic liquid crystal molecule can be used in combination with 
an optically anisotropic support. The optical anisotropy of the layer is combined with the optical anisotropy of the sup- 
port to optically compensate the cell of the VA, OCB or HAN mode. A synthetic polymer film having a high retardation 
value, such as a polycarbonate film or a polysulfone film can be used as the optically anisotropic support However, the 
synthetic polymer film is inferior as a support (physical properties and affinity with a coating layer). Therefore, the opti- 

35 cally anisotropic support preferably is a lamination of the synthetic polymer film having a high retardation value and a 
cellulose ester film, which is an excellent support, but has a low retardation value. 

[0007] As is described above, a synthetic polymer film is used where the film should have an optical anisotropy (a 
high retardation value), while a cellulose ester film is used where the film should have an optical isotropy (a low retar- 
dation value). This is a general principle in the technical field of an optical material such as an optical compensatory 
40 sheet. 

SUMMARY OF THE INVENTION 

[0008] The present inventors have tried to use a cellulose ester film where the film should have an optical anisotropy 
45 (a high retardation value) against the general principle. The cellulose ester film is superior as a support compared with 
a synthetic polymer film. If a cellulose ester film has a high optical anisotropy (a high retardation value), the cellulose 
ester film can be used as an optically anisotropic support of an optical compensatory sheet. 

[0009] However, a cellulose ester film having a low retardation value has been considered excellent according to prior 
art. Therefore, a method of increasing the retardation value of the cellulose ester film has scarcely been studied, while 
so a method of decreasing the retardation value has intensively been studied. 

[001 0] The present inventors have studied the method of increasing the retardation value of the cellulose ester film, 
and have succeeded in obtaining a cellulose ester film having a high retardation value. 

[001 1 ] An object of the present invention is to provide an optical compensatory sheet comprising a cellulose ester film 
having a high retardation value and an optically anisotropic layer containing a discotic liquid crystal molecule. 
55 [0012] Another object of the invention is to provide a liquid crystal display using a cellulose ester film as an optically 
anisotropic support of an optical compensatory sheet. 

[0013] The present invention provides an optical compensatory sheet comprising a cellulose ester support and an 
optically anisotropic layer containing a discotic liquid crystal molecule, wherein the cellulose ester support has a Rth 550 
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retardation value defined by the following formula in the range of 70 to 400 nm: 

Rth 550 = [{(nx+ny)V2}-nz]xd 

5 in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; nz is 
the principal refractive index measured by light of 550 nm along the thickness direction of the support; and d is the thick- 
ness of the support. 

[0014] The invention also provides a liquid crystal display comprising a liquid crystal cell, two polarizing elements 
arranged on both sides of the liquid crystal cell, and at least one optical compensatory sheet arranged between the liq- 
10 uid crystal cell and at least one of the polarizing elements, said optical compensatory sheet comprising a cellulose ester 
support and an optically anisotropic layer containing a discotic liquid crystal molecule, wherein the cellulose ester sup- 
port has a Rth 550 retardation value defined by the following formula in the range of 70 to 400 nm: 

Rth 550 « [{(nx+ny)/2}-nz]xd 

15 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; nz is 
the principal refractive index measured by light of 550 nm along the thickness direction of the support; and d is the thick- 
ness of the support. 

[0015] The present inventors have succeeded on preparation of a cellulose ester film having a Rth 550 retardation 
20 value in the range of 70 to 400 nm. The film can be prepared by (1) using a retardation increasing agent (2) adjusting 
an acetic acid content of cellulose acetate, or (3) a specific film forming method. The methods (1) to (3) of increasing 
the retardation value are described below. The obtained cellulose ester film can be used as an optically anisotropic sup- 
port of an optical compensatory sheet 

[0016] Ttie optical compensatory sheet having the cellulose ester support can advantageously be used in a liquid 
25 crystal display, particularly a display of a veritably aligned (VA), optically compensatory bend (OCB) or hybrid aligned 
nematic (HAN) mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 [0017] 

Fig. 1 is a sectional view schematically illustrating a liquid crystal display. 

Fig. 2 is a sectional view schematically illustrating alignment of liquid crystal molecules when voltage is not applied 
to a liquid crystal cell of a VA mode. 
35 Fig. 3 is a sectional view schematically illustrating alignment of liquid crystal molecules when voltage is applied to 
a liquid crystal cell of a VA mode. 

Fig. 4 schematically illustrates a refractive index ellipsoid obtained by viewing a liquid crystal cell of a VA mode and 
a polarizing element of crossed nicols arrangement along a normal line of a cell substrate. 
Fig. 5 schematically illustrates a refractive index ellipsoid of a positive uniaxial liquid crystal cell and a refractive 
40 index ellipsoid of a negative uniaxial optical compensatory sheet 

Fig. 6 is a sectional view schematically illustrating combinations of a liquid crystal cell of a VA mode and an optical 
compensatory sheet of the first embodiment of the present invention. 

Fig. 7 is a sectional view schematically illustrating combinations of a liquid crystal cell of a VA mode and an optical 
compensatory sheet of the second embodiment of the present invention. 
45 Fig. 8 is a sectional view schematically illustrating a representative embodiment of an optical compensatory sheet 
for a liquid crystal cell of a VA mode. 

Fig. 9 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of a VA 
mode. 

Fig. 10 is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal cell of an 
50 OCB mode. 

Fig. 1 1 is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal cell of a 
HAN mode. 

Fig. 12 is a sectional view schematically illustrating a combination of a liquid crystal cell of an OCB mode and two 
optical compensatory sheets. 

55 Fig. 1 3 is a sectional view schematically illustrating a combination of a liquid crystal cell of a HAN mode and an opti- 
cal compensatory sheet. 

Fig. 14 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of an 
OCB mode. 
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Fig. 15 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of a 
mode. 



5 



DETAILED DESCRIPTION OF THE INVENTION 
[Cellulose ester] 



[0018] Cellulose ester preferably is a cellulose ester of a lower fatty acid. The lower fatty acid means a fatty acid hav- 
ing 1 to 6 carbon atoms. The number of the carbon atoms preferably is 2 (cellulose acetate), 3 (cellulose propionate) or 
to 4 (cellulose butyrate). Cellulose acetate is particularly preferred. The cellulose ester includes a cellulose ester of two or 
more fatty acids, such as cellulose acetate propionate or cellulose acetate butyrate. 

[001 9] Cellulose acetate preferably has an average acetic acid content in the range of 55.0% to 62.5%. In view of the 
physical properties of the support, the acetic acid content is preferably in the range of 58.0% to 62.5%. On the other 
hand, a film having a high retardation value can be prepared by using cellulose acetate having an acetic acid content 
is in the range of 55.0% to 58.0%. ^^ AU „ 

[0020] The acetic acid content means the weight ratio of the combined acetic acid based on the amount of the cellu- 
lose unit. The acetic acid content can be measured and calculated according to ASTM, D-817-91 (Testing methods for 
cellulose acetate etc.). 

[0021] Cellulose ester preferably has a viscosity average degree of polymerization (DP) of not less than 250, and 
20 more preferably not less than 290. 

[0022] Cellulose ester preferably has a narrow molecular weight distribution in terms of Mw/Mn (wherein Mw means 
the weight average molecular weight, and Mn means the number average molecular weight). Mw and Mn can be meas- 
ured by a gel permeation chromatography. Tha value of Mw/Mn is preferably in the range of 1 .0 to 1 .7, more preferably 
in the range of 1 .30 to 1 .65, and most preferably in the range of 1 .40 to 1 .60. 
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[Retardation values of cellulose ester support] 

[0023] The cellulose ester support of the present invention has a Rth 550 retardation value in the range of 70 to 400 
nm. The Rth 550 retardation value is defined by the following formula. 



Rth MU = [{(nx+ny)/2}-nz]xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; nz is 
the principal refractive index measured by light of 550 nm along the thickness direction of the support; and d is the thick- 
ness of the support. | - a Mt- 

[0024] The Rth 550 retardation value is preferably in the range of 100 to 400 nm, more preferably in the range of 150 
to 400 nm, further preferably in the range of 200 to 400 nm, furthermore preferably in the range of 200 to 300 nm, and 
most preferably in the range of 200 to 250 nm. . . . u ^ 

[0025] The Rth retardation value means a value of a birefringence along a thickness direction divided by a thickness. 
[0026] The cellulose ester support preferably has a Re 550 retardation value in the range of 20 to 300 nm. The Re 
retardation value is defined by the following formula: 

Re 550 = |nx-ny|xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; and d 
is the thickness of the support. 

[0027] The Re 550 retardation value is more preferably in the range of 30 to 300 nm. 

[0028] The Re retardation value can be obtained by infringing light along a perpendicular direction to the film surface, 
and calculating the results based on the slow axis of the film. The Rth retardation value can be obtained by extrapolating 
the results of the Re retardation value by the results measured by infringing light along an inclined direction to the film 
surface. The measurement can be conducted by using an ellipsometer (for example, M-150, Japan Spectrum Co., Ltd.). 
[0029] The absolute gradient (a) of the Rth distribution is preferably less than 0.0012. The Rth distribution is deter- 
mined based on the Rth 550 retardation value as the standard value (=1). The gradient (a) is calculated by the Rth 
retardation value (measured by using light of 400 nm), the Rth 550 retardation value and the Rth /uu retardation value 
55 (measured by using light of 700 nm) according to the following formula: 

The gradient (a) =|Rth ^-Rth^l/SOORth 550 



4 



10 



15 



EP0 911 656 A2 

[0030] Accordingly, the Rth 400 , Rth 550 and Rth 700 retardation values preferably satisfy the following formula: 

|Rth 700 -Rth 400 |/300Rth 550 < 0.0012 

[0031] The Rth 400 , Rth 550 and Rth 700 retardation values more preferably satisfy the following formula: 

-0.0012 < (Rth^-Rth^ySOORth 550 < 0.0006 

[0032] The absolute gradient (b) of the Re distribution is preferably less than 0.002. The Re distribution is determined 
based on the Re 550 retardation value as the standard value (=1). The gradient (b) is calculated by the Re retardation 
value (measured by using light of 400 nm), the Re 550 retardation value and the Re 700 retardation value (measured by 
using light of 700 nm) according to the following formula: 

The gradient (b) =IRe 700 -Re 400 |y300Re 550 



[0033] Accordingly, the Re 400 , Re 550 and Re 700 retardation values preferably satisfy the following formula: 

|Re 700 -Re 400 i/300Re 550 < 0.002 
20 [0034] The Re 400 , Re 550 and Re 700 retardation values more preferably satisfy the following formula: 

-0.002 < (Re^-Re^ySQORe 550 < 0.001 
r0O351 A cellulose ester support having a high Rth 550 retardation value can be prepared by (1) using a retardation 

1 . . . x ^ I. . i — /o\ - ~masm4;s<> film Wmirrn mothnH Thft 
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increasing agent. (2) adjusting an acetic acid content of cellulose acetate, or (3) a specific film forming method. The 
method (2), namely cellulose acetate having an acetic acid content in the range of 55.0% to 58.0% is described above 
at the item of Cellulose ester. The method (1), namely a retardation increasing agent is described below. The method 
(3), namely a cooling dissolution method is also described below. Two or more methods can be used in combination. 
[0036] The Re 550 retardation value of the cellulose ester film can be adjusted by stretching the film. The method of 
stretching the f ilm is also described below. 

[Retardation increasing agent] 

[0037] A retardation increasing agent can be used to obtain a cellulose ester support having a high Rth 550 retardation 
value. The retardation increasing agent means a compound having a function of increasing the Rth retardation value 
of a cellulose ester film twice (usually twice to 10 times) based on a film to which the compound is not added. The 
amount of the compound should be so adjusted that a large amount of the compound does not cause a problem, such 
as a problem of bleeding out. The amount of the retardation increasing agent is usually in the range of 0.3 to 20 weight 
parts based on 100 weight parts of cellulose ester. 

[0038] A compound having at least two aromatic rings can be used as the retardation increasing agent. The com- 
pound having at least two aromatic rings has a plane of a n; bond of at least seven carbon atoms. The retardation 
increasing agent preferably has a molecular structure that does not cause a steric hindrance of the configuration 
between the two aromatic rings. According to study of the present inventors, one aromatic plane is preferably formed 
by two or more aromatic rings to increase a retardation value of a cellulose ester film. 

[0039] In the present specification, the term "aromatic ring" include an aromatic heterocyclic ring as well as an aro- 
matic hydrocarbon ring. The aromatic hydrocarbon ring preferably is six-membered ring (namely benzene ring). 
[0040] The aromatic heterocyclic ring usually is an unsaturated heterocyclic ring. The aromatic heterocyclic ring pref- 
erably is a five-membered or six-membered ring. The aromatic heterocyclic ring usually has the maximum number of 
double bonds. The hetero atom preferably is nitrogen, oxygen or sulfur, and most preferably is nitrogen. Examples of 
the aromatic heterocyclic rings include furan ring, thiophene ring, pyrrole ring, oxazole ring, isoxazole ring, thiazole ring, 
isothiazoie ring, imidazole ring, pyrazole ring, furazan ring, triazole ring, pyran ring, pyridine ring, pyridazine ring, pyri- 
midine ring, pyrazine ring and 1 ,3,5-triazine ring. 

[0041 ] The aromatic ring preferably is benzene ring, furan ring, thiophene ring, pyrrole ring, oxazole ring, thiazole ring, 
imidazole ring, triazole ring, pyridine ring, pyrimidine ring, pyrazine ring or 1 ,3.5-triazine ring. 

[0042] The number of the aromatic rings contained in the retardation increasing agent is preferably in the range of 2 
to 20, more preferably in the range of 2 to 12, further preferably in the range of 2 to 8, and most preferably in the range 
of 2 to 6. Where three or more aromatic rings are contained in the retardation increasing agent, the molecular structure 
preferably does not cause a steric hindrance of the configuration between at least two aromatic rings. 
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[0043] The two aromatic rings can be combined by (a) ring condensation, (b) a direct single bond, or (c) a linking 
group (no spiro bond can be formed because the rings are aromatic). In view of the function of increasing retardation, 
the bonds (a) to (c) are effective. In the case of (b) or (c), the molecular structure preferably does not cause a steric 
hindrance of the configuration between the two aromatic rings. 

[0044] Examples of (a) the condensed rings (consisting of two or more aromatic rings) include indene ring, naphtha- 
lene ring, azulene ring, f luorene ring, phenanthrene ring, anthracene ring, acenaphthylene ring, biphenylene ring, naph- 
thacene ring, pyrene ring, indole ring, isoindole ring, benzofuran ring, benzothiophene ring, indolizine ring, benzoxazole 
ring, benzothiazole ring, benzimidazole ring, benzotriazole ring, purine ring, indazole ring, chromene ring, quinoline 
ring, isoquinoline ring, quinolizine ring, quinazoline ring, cinnoline ring, quinoxaline ring, phthalazine ring, pteridine ring, 
carbazole ring, acridine ring, phenanthridine ring, xanthene ring, phenazine ring, phenothiazine ring, phenoxathiin ring, 
phenoxazine ring and thianthrene ring. Naphthalene ring, azulene ring, indole ring, benzoxazole ring, benzothiazole 
ring, benzimidazole ring, benzotriazole ring and quinoline ring are preferred. 

[0045] The single bond of (b) is preferably attached to carbon atoms of the two aromatic rings. Two or more single 
bonds can be formed between the two aromatic rings to form an aliphatic or non-aromatic heterocyclic ring between the 
two aromatic rings. 

[0046] The linking group of (c) is also preferably attached to carbon atoms of the two aromatic rings. The linking group 
preferably is an alkylene group, an aikervyfene group, an alkynylene group, -CO, -O-, -NH-, -S- or a combination 
thereof. Examples of the combined linking groups are shown below. In the following examples, the right and left sides 
are reversible. 

d : -CO-O- 
ca: -CO-NH- 
c3: -alkylene-O- 
c4: -NH-CO-NH- 
c5: -NH-CO-O- 
c6: -O-CO-O- 
c7: -O-alkylene-O- 
c8: -CO-alkenylene- 
c9: -CO-alkenylene-NH- 
c10: -CO-alkenylene-O- 
c1 1 : -alkylene-CO-O-alkylene-O-CO-alkylene- 
c12: -O-alkylene-CO-O-alkylene-O-CO-alkylene-O- 
c13: -O-CO-alkylene-CO-O- 
d 4: -NH-CO-alkenylene- 
c15: -O-CO-alkenylene- 

[0047] The aromatic ring and the linking group may have a substituent group provided that the substituent group does 
not cause a steric hindrance of the configuration between the two aromatic rings. The steric hindrance is caused based 
on the nature and position of the substituent group. A steric bulky group (for example, a tertiary alkyl group) tends to 
cause 1he steric hindrance. If a substituent group is attached to a position next to the position of a link (ortho position in 
benzene ring), the substituent group tends to cause the steric hindrance. 

[0048] Examples of the substituent groups include a halogen atom (F, CI, Br, I), hydroxyl, carboxyl, cyano, amino, nitro, 
sutfo, carbamoyl, sulfamoyi. ureido, an alkyl group, an alkenyl group, an alkynyl group, an aliphatic acyl group, an 
aliphatic acyloxy group, an alkoxy group, an alkoxycarbonyl group, an alkoxycarbonylamino group, an alkylthio group, 
an alkylsulfonyl group, an aliphatic amido group, an aliphatic sulfonamido group, an aliphatic substituted amino group, 
an aliphatic substituted carbamoyl group, an aliphatic substituted sulfamoyi group, an aliphatic substituted ureido group 
and a non-aromatic heterocyclic group. 

[0049] The alkyl group preferably has 1 to 8 carbon atoms. The alkyl group preferably has a chain structure rather 
than a cyclic structure. A linear chain structure is particularly preferred. The alkyl group may further have a substituent 
group (e.g., hydroxyl, carboxyl, an alkoxy group, an aikylamino group). Examples of the alkyl groups (including the sub- 
stituted alkyl groups) include methyl, ethyl, n -butyl, n-hexyl, 2-hydroxyethyl, 4-carbaxybutyl, 2-methoxyethyl and 2- 
diethylaminoethyl. 

[0050] The alkenyl group preferably has 2 to 8 carbon atoms. The alkenyl group preferably has a chain structure rather 
than a cyclic structure. A linear chain structure is particularly preferred. The alkenyl group may further have a substitu- 
ent group. Examples of the alkenyl groups include vinyl, ally! and 1 -hexenyl. 

[0051 ] The alkynyl group preferably has 2 to 8 carbon atoms. The alkynyl group preferably has a chain structure rather 
than a cyclic structure. A linear chain structure is particularly preferred. The alkynyl group may further have a substitu- 
ent group. Examples of the alkynyl groups include ethynyl, 1 -butynyl and 1 -hexynyl. 
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[0052] The aliphatic acyt group preferably has 1 to 10 carbon atoms. Examples of the aliphatic acyl groups include 
acetyl, propanoyl and butanoyl. 

[0053] The aliphatic acyloxy group preferably has 1 to 10 carbon atoms. Examples of the aliphatic acyloxy groups 
include acetoxy. 

s [0054] The alkoxy group preferably has 1 to 8 carbon atoms. The alkoxy group may have a substituent group (e.g., 
an alkoxy group). Examples of the alkoxy groups (including the substituted alkoxy groups) include methoxy, ethoxy, 
butoxy and methoxy ethoxy. 

[0055] The alkoxycarbonyl group preferably has 2 to 1 0 carbon atoms. Examples of the alkoxycarbonyl groups include 
methoxycarbonyl and ethoxycarbonyl. 
10 [0056] The alkoxycarbonylamino group preferably has 2 to 10 carbon atoms. Examples of the alkoxycarbonylamino 
groups include methoxycarbonylamino and ethoxycarbonyiamino. 

[0057] The alkylthio group preferably 1 to 1 2 carbon atoms. Examples of the alkylthio groups include methyithio, ethyl- 
thio and octylthio. 

[0058] The alkylsulfbnyl group preferably has 1 to 8 carbon atoms. Examples of the alkylsuHbnyl groups include meth- 
is anesulfonyl and ethanesulfonyl. 

[0059] The aliphatic amido group preferably has 1 to 10 carbon atoms. Examples of the aliphatic amido groups 
include acetamido. 

[0060] The aliphatic sulfonamide group preferably has 1 to 8 carbon atoms. Examples of the aliphatic sulfonamide 
groups include methanesutfonamido, butanesulfonamido and n-octanesulfonamido. 
20 [0061] The aliphatic substituted amino group preferably has 1 to 10 carbon atoms. Examples of the aliphatic substi- 
tuted amino groups include dimethylamino, diethylamino and 2-carboxyethylamino. 

[0062] The aliphatic substituted carbamoyl group preferably has 2 to 1 0 carbon atoms. Examples of the aliphatic sub- 
stituted carbamoyl groups include methylcarbamoyl and ethylcarbamoyl. 

[0063] The aliphatic substituted sulfamoyl group preferably has 1 to 8 carbon atoms. Examples of the aliphatic sub- 
25 stituted sulfamoyl groups include methylsulfamoyl and ethylsuHamoyl. 

[0064] The aliphatic substituted ureido group preferably has 2 to 1 0 carbon atoms. Examples of the aliphatic substi- 
tuted ureido groups include methylureido. 

[0065] Examples of the non-aromatic heterocyclic groups include piperidino and morpholino. 
[0066] The retardation increasing agent has a molecular weight preferably in the range of 300 to 800. The retardation 
30 increasing agent preferably has a boiling point of not lower than 260°C. The boiling point can be measured by using a 
commercially available machine (for example, TG/DTA100, Seiko Instruments Inc.). 

[0067] Examples of the retardation increasing agents are shown below. In the following examples, the aromaticity of 
a ring is represented by a circle. 
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[Organic solvent] 

S^SSSS^S* to 12 caitooti atoms include ethyl formate, propyt tofmate, perrtyl «=m«te. 

. 5S "S^SE^S^ or more Kin* o. MM ^ IrloOe ace-., a- 

methoxyethanol and 2-butoxyethanol. „ Qrhrtri a+ _„ and more nreferably has one carbon 

representative halogenated hydrocarbon. 

S2S=£SH3SssS£=s :== 

Hydroxy! of the alcohol can be primary, secondary or tertiary. _ 325°C), 1 - 
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the range of 2 to 27 wt.%, further preferably in the range of 3 to 24 wt.%, and most preferably in the range of 4 to 22 

t£si Four or more organic solvents can be used in combination Jhe fourth soh/errt me 
mentiined three (first, second and third) solvents. Further, nitromethane can be used as the fourth solvent. 

[Preparation of solution (conventional method)] 

rnosTl A cellulose ester solution can be prepared according to a conventional method. The conventional method 
S M £?!££?££d at a temperature of not lower than O'C (ordinary or elevated ternpe^re)^ Die 
preSS S the solution £nb. conducted by using a process and apparatus for preparation of a 
tional solvent casting method. The conventional method preferably uses a halogenated hydrocarbon (particularly metn 

tS^J^SSS^ is so adiusted that a prepared solution contains -^-£^22 
f 0 to 40 wt.%. The amount of cellulose ester more preferably is 10 to 30 wt%. An optional additive (descrrbed below) 

£££ ^Jl^^b.'SS- by stirring cellulose ester and an organic solvent at an ortinary temperature , <p 
oTc) Son Sigh Concentration is preferably prepared by stirring them at an **^ ^>>> 
Sah pressure In more detail, cellulose ester and the organic solvent are placed .n a closed vessel, and 
an eS temperature and at a high pressure, which is higher than the 

pressure and is Tower than the boiling point of the solvent at the h.gh pressure. J* heating JJJ™ 15 not 
i™,** than ao-C nref erablv in the range of 60 to 200°C. and more preferably in the range of 80 to 1 1 0 C 

be formed in the vessel by inserting an inactive gas such as nitrogen gas into the vessel. The P""""" ' b * 3 JJJ* 
p?esW which is formed by evaporation of the solvent by heating. Further, the components can be added to the vessel 

Sin* Se^^P^ For exam P .e. the vessel can be heated by a jacket type heating appa- 

^ Stents are stirred preferably by a stirring wing placed in the ^£*££Z^£% 
length that the end of the wing reaches near the wall of the vessel. A scratching w,ng rs preferably attached to the end 
of the stirring wing to scratch the solution retained along the wall of the vessel rnmnoneilt _ diSBOlwd in the 
rnoaai The vessel can have a meter such as a manometer or a thermometer. The components are aissorvea in me 
ioZinTheveSe! ^. C "e preyed dope is coo.ed in the vessel, or the dope is ^ 
vessel. The dope can be cooled by a heat exchanger. 

[Preparation of solution (cooling dissolution method)] 

quickly. Further, a cellulose acetate film having a high retardation value can be formed by usmg a solution prepared oy 
5^t325£2i. cooling dissolution method, cellulose ester is graduai.y added to an organic so^ent 

s preferably in the range of 10 to 30 wt.%. An optional additive (descnbed below) may be *ded to the *°' v ^ 
Z TSt the next stage, the mixture is cooled to a temperature of -100 to -10-C. preferably « * m« £ * 
ir^iv «ta 20<C and I most preferably -50 to -30'C. The mixture can be cooled in a dry ice/methanol bath (-75 C) or 

oJ-Cse 9 ;^ 

plete the cooling stage. The change of temperature means the difference between the temperature at which thecoonng 
stage is started and the temperature at which the cooling stage is completed. 



23 



EP0 911 656 A2 

[0099] Subsequent!* the mixture is warned to a temperature of 0 to 200'C, preferably 0 to 1 50«C more , preferably -0 
tolZO'C and most preferably 0 to 50'C to dissolve the cellulose ester in the solvent, me m,xture can be warmed by 
keeping it at room temperature. The mixture can also be warmed on a bath. . t „ 

roiOOl The warming rate is preferably faster than 4'C per minute, more preferably faster than 8»C per minute, and 
K orefe^rfaTter than 12'C per minute. The warming rate is preferably fast as possible. However, a theoretics 
uSmS ofthe^rn ing rate is ?0.000-C per second, a technical upper limit is 1 ,000'C per second, and a practical 
Se limited 

2£ [to complete the warming stage. The change of temperature means the difference between the temperature at 

which the warming stage is started and the temperature at which the warming stage is completed 

rmoi! Zs a dope is formed as a uniform solution. If cellulose ester is not sufficiently dissolved the coohng and 

Sngs^sc^^ 

[iTof] °A?ealed vessel is preferably used in the cooling dissolution method to prevent c0 ^ minafon h ^^^ 
Sad by dew condensation at the cooling step. The time for the cooling and warning stages can be shortened by 
c^ucSc ^!he^ng step at a high pressure and conducting the warming step at a low pressure. A pressure vessel 

i^ti-s^ 

is dtesolved in methyl acetate by a cooling dissolution method to form 20 wt% solution, the solution has a pseudo ^ 
^hmtaa^ /point at about 33«C, which is measured by a viscoelastic rheology analyse (for example, wrth Osc. I- 

SniJ^ T^-™* CSL2 Rhe ° meter) - Undefthe tranSifon ^ ^ 

Thereto ette solution should be stored at a temperature higher than the transition point, preferably at a temperature 

2E^£En the point. The pseudo sol-ge. phase transition point depends on 

acid content of cellulose acetate, the viscosity average degree of polymerization, the concentration of the dope and the 
nature of the solvent 

[Preparation of film] 

[0104] The obtained cellulose ester solution (dope) is cast on a support, and the solvent is evaporated to form a cel- 
lulose ester film. A drum or a band is used as the support. ... . „. M riona is in 

[0105] Before casting the dope, the concentration of the dope is so adjusted that the aoU content of the. dope is in 
thl rSge (5 18 to 35 wU. The surface of the drum or band is preferably polished to give a ™J»£ The castng 
and drvina stages of the solvent cast methods are described in U.S. Patent Nos. 2,336.310, 2.367.603 2 - 492 '°78. 
2^2^7 2 4?2 978 2 6OT704 2.739.069, 2.739.070. British Patent Nos. 640.731, 736.892. Japanese Paten, Pubh- 
tS^wZ^WWWl ^nese Patent Provisional Publication Nos. 60(1 985)-1 76834. 60(1985)- 

SS? a me 6 d 2 rum 2 bJSpLrably has a surface temperature of not higher than 1 0'C when the dope is cast orv the 
kToort After casHna the dope the dope is preferably dried with air for at least 2 seconds. The formed film ,s peeled off 
^^SSJS^SL be£rthe? dried wtth airto ^^^^^^^^Z 
of the air can be gradually elevated from 100 to 160«C. The above-mentioned method is described . 'Japanese patent 
Publfca^ on^o 5(1993)-17844. According to the method, the time for casting and peeling st^ps can ^ shortened. The 
me?hSr^ 

IoTotT^ 

of 70 to 100 urn. 
[Other additives] 

roioai A olasticizer can be added to the cellulose ester film to improve the mechanical strength of the film The plas- 

as phthalic esters and citric esters) are usually used as the plasticizer. Examples of the phosphoric ^include 
WnhZTnh^ohate (TPP1 and tricresyl phosphate (TCP). Examples of the phthalic esters include dimethyl phthalate 
^SJ^^XSA^ (DBP), dioctyl phthalate (OOP). ^^^^ 
h^ DlSate (DEHP) Examples of the citric esters include Methyl o-acetylcitrate (OACTE) and tnbutyl °-acetylc.trate 
SSSSTSS? 2'lh. caroox^ic esters include phthalic esters and cftric «~ of 
esters include butyl oleate. methylacetyl ricinoleate, dibutyl sebacate ar* vanous tnme lite Phthalic ester plas 
ticizers (DMP DEP DBP, DOP, DPP. DEHP) are preferred. DEP and DPP are particularly preferred 
oS me amount of the plasticizer is preferably in the range of 0.1 to 25 wt.%. more preferably in the range of 1 to 
20 wt.%. and most preferably in the range of 3 to 15 wt.% based on the amount of cellulose ester. 
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ytoluene (BHT). 
[Stretch of film] 

the range of 10 to 30%. 
[Structure of liquid crystal display] 

tioned liquid crystaMayer, ^^^^^SSSX^ the liquid crysta. cel.. The optical com- 

1^ ^KSSS- h the liquidcrystal ce.l. The iayers are usually 
coating layer, an anti-fogging layer, an antiirradiation layer or an antireflection layer. 
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[0 129] The cellulose ester support of the optica, compensatory sheet is <*^*^.*!^ 
teyer containing a discotic liquid crystal molecule of the optical compensatory sheet ,s descnbed below. 

[Optically anisotropic layer] 

pMnUy is negative uniaxial, art ^f^^^^^^Z^^ paralM to » support! are 

0-i^l^reB^OIOprafcrablylsnotprasertM; w ^X^STc^sWde a al Md. Cry.. Up, 

cule is described in Japanese Patent Provisional ^^^^^JjL liauid mo lecule to cause the 
[0135] A polymerizable group should be bound to ^^S^^SS^ *> *. discotic core, it 
polymerization reaction of the compound. However, if ™P°*!J*"2J y js introduce d between the dis- 

preferably is a compound represented by the following formula (I). 



30 



D(-L-P) n 0) 



which D is a discotic core; L is a div^ent linKng group P is me " ^ of 

H36] Examples of the discotic cores (D) are shown below. In the examples, LP (or PL) means tne 



in 

the divalent nnidngVroup (L) and the polymerizable group (P) 
35 (Dl) 
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35 



40 



and the arylene group may have a substituent group (e.g., an alkyi group, a halogen atom, cyano, an alKoxy group, 

m% <* 'he divalent linking groups (L) are shown beiow. In the examples, the >^»«"" »,£ 

He cor?S. and the right side is attached to the polymerizable group (P). AL means an alkylene group or an alke- 
nylene group, and AR means an arylene group. 



L1 
L2 
L3 

45 L4: 
L5 
L6 
L7: 
L8: 

so L9 
L10: 
L11 
L12 
L13; 

55 L14 
L15: 
L16: 
L17 



-AL-CO-O-AL- 

-AL-CO-O-AL-O- 

-AL-CO-O-AL-O-AL- 

-AL-CO-O-AL-O-CO- 

-CO-AR-O-AL- 

-CO-AR-O-AL-O- 

-CO-AR-O-AL-O-CO- 

-CO-NH-AL- 

-NH-AL-O- 

-NH-AL-O-CO- 

-O-AL- 

-O-AL-O- 

-O-AL-O-CO 

-O-AL-O-CO-NH-AL- 

-O-AL-S-AL- 

-O-CO-AR-O-AL-CO- 

-O-CO-AR-O-AL-O-CO- 
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L18: -0-CO-AR-O-AL-O-AL-O-CO- 

L1 9: -O-CO-AR-O-AL-O-AL-O-AL-O-CO- 

L20: -S-AL- 

L21: -S-AL-O- 

5- L22: -S-AL-O-CO- 

L23: -S-AL-S-AL- 

L24: -S-AR-AI- 

[0139] The polymerizable group (P) is determined by the polymerization reaction. Examples of the polymerizable 
io groups (P) are shown below. 



(PI) 



— CH=CH 2 



<P2) 



— CECH 



<P3) 



— CHo-C=CH 



15 



20 



(P4) 



— NH 2 



(P5) 



— S0 3 H 



(P6) 



O 

— CH 2 — CH— CH 2 



25 



30 



35 



(P7) 



CH 3 

— — C— CH2 



— SH 



— C0 2 H 



(P10) 



(P13) 



(P16) 
— CH=CH-n-C 3 H 7 



(P8) 
H=CH-CH 3 



(Pll) 



— CHO 



(P14) 



— N=C=0 



(P17) 



— CH=C-CH; 
CH 3 



(P9) 



— N=C=S 



(P12! 



—OH 



(P15) 
H=CH-C 2 H 5 



45 



[0140] The polymerizable group (P) preferably is an unsaturated polymerizab. e group (P1 ,PZ 

PIT) or an epoxy group (P6). more preferably is an unsaturated polymenzable group, and most preferably .s an etnyi 



55 



identical 



T01421 Two or more discctic liquid CTystal molecules can be used in combination. 

Toptolly anisotropic layer can be formed by coating a solution containing the d.scot.c .qu.d crystal mole- 
Se a aZSSn initiator (described below) and other optional components on an onentation layer. 
Hi "tCSS is preferably prepared by using an organic so^ent. Examples of 1 
amide (e.g.. dimethylformamide). a sulfoxide (e.g.. dimethylsulf oxide), a heterocyclic "X^i LthTaceSte 

gravure coating method, reverse gravure coating method, die coating method). 
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miaul The alianed discotic liquid crystal molecule is preferably fixed while keeping the alignment The discotic liquid 
SIS module isTrxSSelily by a polymerization reaction. The polymerization reaction can be dassrf.ed la to*. 

^^TT^Zt^on Viators indude «-carbony. compounds (described in U&P^ 
S^S T^oin S£ (described in U.S. Patent No. 2.448.828). £«*»£n 
' * ' . e ; rlh( i : n 1 1 q p atprTt no 2 722 512), polycyc c quinone compounds (described in U.S. Patent imos. 
SH? 3 04? 2? £d p-a'minopheny, ketones (described in U.S. Patent No. 

3 £9 Si acSne or pZazine compounds (described in Japanese Patent Provisional Publ,cat,on , No M<1 985)- 
^efand U S latent No 4 239 850) and oxadiazole compounds (described in U.S. Patent No. 4.212.970). 
01«] ^ a!^£iSSWn«l-to initiator is preferably in the range of 0.01 to 20 wt.%, and more pref- 
LrlhTv in the ranae of 0 5 to 5 wt % based on the solid content of the coating solution of the layer. 

"^KSSSn 25. Photo polymerization * preferably conducted by « 
energy is preferably in the range of 20 to 5.000 nvJ. and more preferably .n the range, r 00 to 800 mJ. The l.ght -rrad. 
Son can be conducted while heating the layer to accelerate the photo polymer.zat.on reaction. 
JSTtS ^DP«caVraniso fr opic layer has a thickness preferably in the range of 0.1 to 10 ^ more preferably .n the 
range of 0.5 to 5 ^m. and most preferably in the range of 1 to 5 (im. 

[Orientation layer] 

roisil The orientation layer has a function of aligning discotic liquid crystal molecules. The orientation layer can be 
ormed by^ngtealmei of an organ* compound (preferably a polymer), oblique evaporaton of ar . .norgan* _com- 

The orientation layer is preferably formed by rubbing a polymer. The polymer preferably is P^*^ 

Svi^Ss^Sy^ced JSL an act group (•CO-*) hawing 7 or more carbon atoms. R 3 is an alphatc 
MnlLtion. A ofc* is preferred to a paper. Tn. doth preferably uniformly oontarna urform (about length and Mk 

0 1 to 20 wt.% based on the amount of the discotic liquid crystal molecule. 
55 ?01601 After the discotic liquid crystal molecule is aligned by using the or.entat.on layer and '■"J^'JE 

eJLl in ». op««al oonpensao* sheet. * the onenttfion layer ,s essent,al ,n the prepa- 
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ration of the optical compensatory sheet using the discotic liquid crystal molecule. 
[Liquid crystal display of VA mode] 

[016! ] The optical compensatory sheet of the present invention can be advantageously used in a liquid crystal display 

of a vertical alignment (VA) mode. _ 

applied to a vertically aligned (VA) liquid crystal cell. substrate (13) and liquid 

Qnrface As a result liaht is not transmitted along the normal line (14) to display blacK tra „ C rr,it 

index ellipsoid of a negative uniaxial optical compensatory sheet 

[0176] Where a positive uniaxial optical anisotropy is caused in a liquid crystal ceil a reran 
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(44) which is formed by refractive indexes in plane (44x, 44y) and a refractive index along a vertical direction (44z) has 
Ts \£Z * ZZLl footba... if a iiqua crystal cell having a footoaH-like (not 

viewed along an inclined direction (15 in Fig. 2), retardation is caused m the ceil. The retardat.cn is canceled by a neg 
ative uniaxial optical compensatory sheet (42) to prevent transmission of light. 

rai^ me negative uniaxial optical compensatory sheet (42) has a refractive index ellipsoid (41) having a shape like 
Ssed^eSS S isSmed byTefractive indexes in plane (41x, 41 y) and a refractive Wax along a vertical 
dir P Sonl41^Le. the sum of 41x and 44x. the sum of 41y and 44y and the sum 41z and 44z are .denticaJ val- 
ues As a result the retardation caused in the liquid crystal cell is canceled. 

mm Te optical compensatory sheet of the present invention has another function of preventing transmission of 

m^^^^S£Stw and (c), opticaliy anisotropic layers (51) containing a discotic Md ayste. m* 
SeU^XeSr^ sheets (53, 54) are attached to the VA liquid crystal cell (50)Jn the variation^ ^the 
ES£52£m mSecule is aligned by an orientation layer (not shown 

Lsotrooic laver (51) and the support (52). In the variation (c), the discotic liquid crystal molecule is aligned by an on 
ZSX^*™ EWe! arranged between the optically anisotropic layer (51) and the VA liquid crystal cel. 

mm According to the variations (b) and (d), supports (52) of the optical compensatory sheets (53, 54) are attached 
n to* VA toSdc?vstel cell (50) in the variation (b). the discotic liquid crystal molecule is aligned by an orientation layer 
noT^ 

Sc liquid crystal molecule is aligned by an orientation layer (not shown in Fig. 6) arranged outside the optically an, 
K? nrfisa sectional view schematically i.lustrating combinations of a liquid crystal cel. of a vertical alignment 

Eo^^^^^ 2 o°Av anisotropic layer (61) containing a discotic liquid costal 

nicotic liauid crvstal molecule is aligned by an orientation layer (not shown in Fig. 7) arranged Deween tne > y 
tESEZS) £ the support (62). in the variation (g), the discotic liquid ^ «^ " *^ *S 3 
entation layer (not shown in Fig. 6) arranged between the optically anisotropic layer (61) and the VA liquid crystal ce.l 

Re] According to the variations (f) and (h). a support (62) of the optical «7?^^2£2^£ 
VA Mauri crystal cell (60). In the variation (f), the discotic liquid crystal molecule is aligned by an orientation ayer (not 
shrS Ftaffl raned between the optically anisotropic layer (61 ) and the support (62). In the vanation (h) the ds- 

Sq^ » « °« < not shown in Rg - * arranged out * de ** ophca y an,so " 

S laye Fig 6 8 is a sectional view schematically illustrating a representative embodiment of an optica- compensatory 

S£ The optical compensatory sheet shown in Rg. 8 comprises a support (71) an ^ 
optically anisotropic layer (73) in the order. The layered structure corresponds to (a) and (b) in Rg. 6 and (e) and (f) 
St The o^entetion layer (72) has an aligning function caused by rubbing the layer along a direction (75). 
mm Dis^XTd^ 

Lcu.es EacTof tlS molecules has only one plane, namely discotic plane (Pa. Pb, Pc). The discotic planes (Pa ,Pb PcO 
a^inSo Pto^m 71b. 710 parallel to the surface of the support (71). The angle between the d«£cpM 
M Pb Pc) and Z paralleled planes (71a. 71b. 71c) are inclined angles (6a eb. 6c). As thed.stance between the mol- 
^aZ l^^SS (72) increases along a norma, line (74) of the support (71). the inclined angles increases 

KSr^e inclined angles (6a. 6b. ec) are preferably in the range of 0 to 60-. The ^ m ^ n f^^^ e 
inihe range So to 55'. and more preferably in the range of 5 to 40«. The maximum inclined angle is preferably ^ n fte 
rarTge oTf to 60' and more preferably in the range of 20 to 60'. The difference between the rrammum and maximum 
anoles is Dreferablv in the range of 5 to 55°. and more preferably in the range of 1 0 to 40 . 

Sll Xn opTcal compensatory sheet has a function of improving the viewing angle. The function can be further 
proved where Jie SSd angles are changed as is shown in Fig. 8. The optical compensatory sheet shown ,n Rg. 
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8 has anahe, function o. pn»entin» an tr«, fro., re-erslon. gray*** inversion and color coMmMion of a <f» 
K? 0 %ieasec«on,,»ie.scher»a.W 

sheet on be arranged on one side of the liquid crystal. c * ^ directions of onentalon 

SSSTShllrS^ 

^gq^The'anrciws^PA. PB) in the polarizing elements (A, B) mean the trarsrrission axes of ight polarized in theefe- 

f^'meSC^S- Sheet used in the Iqufd crystal display of Ihe VA mode * • - «» "* 

mTnJSSl*7pn«S» * present in ^ ^"S^TJ^^^S^ «*"» 

SoS 

[0205] TT»or*callyanisotropiclay»andtMsu^ 

^SoTit^^^ 

lowing formula: 

|Re 1 -Re 2 |<:5nm 

i„„Nch Re 1 is an absolute Beretardationvaltjaofttw optically anisotropic layer, and R<f is an absoluK Re retardation 

sees :E5LW^"~^^ 

ing formula: 
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10 



|Re 1 -Re 2 |£ 10 nm 

in which n.1 is an absolute retaken value in plane of the optically anteotropic layer, and n* is an absolute retarda- 

tion value in plane of the support. .mort and (3^ the optical compen- 

[0208] *eferred optica cha^^ 

satory sheet are shown below. The unrt of Re and Rth is nm. SUDer scripted number 3 means a 

described above. 





Preferred range 


More preferred 


Most preferred 


15 


0 < Re 1 £ 200 


5 £ Re 1 £150 


10£Re 1 £100 




0 £ Re 31 £ 4.5 


0 £ Re 31 £ 4 


0 £ Re 31 < 3.5 




0 £ Re 32 £ 9 


0 £ Re 32 £ 8 


0£Re 32 £7 


20 


10 £ Rth 1 £400 


20 £ Rth 1 £ 300 


30 £ Rth 1 £ 200 


10 £ Rth 3 £600 


60 £ Rth 3 £ 500 


100 £ Rth 3 £400 




0° < p 1 £ 60° 


0° < p 1 £ 50° 


0° < P 1 £ 40° 




0°£P 2 £10° 


0° £ P 2 £ 5° 


0° £ p 2 £ 3° 


25 


0° < p 3 £ 50° 


0° < p 3 £ 45° 


0° < p 3 £ 40° 
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[Liquid crystal display of OCB and HAN mode] 

liquid crystal moleciies (12) near the upper substrate (v 1) • large*. £J»™ , ^ „ 

0. crystal molecules (12) n-r "J?^^^?SE5lS Jjj £5^^(121 n~.» upper 
metric wilri respect tome normal l.ne of the substrate* ™ „.T I, lwler supsmte (13) is large. As 

subsrate (1 1) la s—. ^ ^^'gS 2S?o£E£« s^e^^pect to the normal line 
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„henliaht Is incident Sons an inclined direction, tt inwove the via** angle and th. front contrast 
S A^niaJ.io^<^l^^ 

ment of the liquid crystal molecule of the liquid crystal cell of the HAN moae 

^^ (O0B ^ P ^^nStl2 ^^STaSeSS element and a tacMlch, 
optical compensatory sneet can be arranjed on one a*. * '^iSS'aXnmn rubbing directions oi onentMion 

^^^^^Infrepotonz^e^ 

elements (PA, PB) are preferabiy essentially parallel or IW"**^^^ that a margin for error based on 
r^SS?L. pretty in the range of ±10'. and ^PJJJ* ,n grange of * g 
Ei.T^^^^^ 

SETS « ^eS^ il.ustraflng a representee embodiment of a liquid crystal cf.sp.ay of 

JST Z^ZSESSSm ce. (HANC) rneans a rutting dlreCon o, an MM *. P-i*d on 

K'^<PA.«.-PO^n 9r ^ W ^~^ 

[0236] The rubbing direction in Ihe optical compensatory sheet (R) is preferaay essemiai.y P 
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20 
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alien to the rubbinq direction in the liquid crystal cell (RP). « rt 

in the range of 35 to 55°. QCB HAN mode has a direction of 

T0239] The optical compensatory sheet used in the liquid crystal display ot tov^d « 

Re retardation value of the optical compensatory sheet (Re ) and the Re retaraaiion vaiue 
preferably satisfy the following formula. 

Re 4 -20<s|Re 3 |x2<£Re 4 +20 
(Re 4 ) preferably satisfy the following formula. 

Re 4 -20£|Re 3 |£Re 4 +20 

,0245, Preferred op«ca. characterises o» (1) the optica, ^tropic ^yen ^^^^S^SS^. 
shown be.™ TneunKofReand^ 

have been described about the cellulose ester support. 



40 


Preferred range 


More preferred 


Most preferred 




0 < Re 1 £ 200 


5£ Re 1 £150 


10£Re 1 £100 




0 £ Re 3 £ 4.5 


0 £ Re 3 £ 4 


0 £ Re 3 £ 3.5 




50 £Rth 1 * 1,000 


50 £ Rth 1 £ 800 


100 £ Rth 1 £500 


45 


50 £Rth 3 £ 1,000 


60 £ Rth 3 £ 500 


100 £ Rth 3 £ 400 
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[Other liquid crystal displays] 

[0246] The optical compensatory sheet of the present invention can also be advantageously used in a liquid crysta. 

» ASM mrt. » » -».- ^ - ^ ^rf? ,089 (1998). 

ventional twisted nematic (TN) mode. 
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[0250] TheliquidcrystaldisplaydtheT^ 
5,583,679 and 5,646,703. 

PRFI IMINARY EXPERIMENT 1 

[0251] With 80.28 weight parts of a mixed organic solved %Z™T^^V£i 
perature (warming rate: 8°C per minute). 

[0254] The cooling and warming stages were repeated again. machine (effective length: 6 m). The 

0255 The obtained solution (dope) was cast on a band us.ng ^^^£2^ wjtn J for 2 
drvthLnessot^^^ 

Sd oTie £ ffli obtained film (sorvent content: 1 0 wt%) was further heated at 180-C for 1 hour. 

PRFI IMINAR Y FXPF RIMFNTS 2 to 5 

[0256, Cellulose acetate fi.ms were prepared in the ™^£ggZ£% T^eST^ 
average acetic acid content of cellulose acetate was changed to 55% (Experiment 2), two ^ xp 
(Experiment 4) or 61% (Experiment 5). 

(Evaluation of retardation values) 

bSn aSd the gradient (b) of the Re distribution were calculated. The results are set forth in Table 1 . 



TABLE 1 
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Experiment 


Acetic acid content 


Rth 550 


Re 550 


Gradient (a) 


Gradient (b) 


1 


57% 


250 nm 


5 nm 


-0.0010 


-0.0019 


2 


55% 


300 nm 


8 nm 


-0.0020 


-0.0030 


3 


57.9% 


200 nm 


4 nm 


-0.0003 


-0.0015 


4 


59% 


150 nm 


3 nm 


0.0004 


-0.0013 


5 


61% 


80 nm 


2nm 


0.0012 


0.0013 



pep JMINARY EXPERIMENTS 6 to 8 



TABLE 2 



55 



Experiment 


Acetic acid content 


Rth 550 


Re 550 


Gradient (a) 


Gradient (b) 


6 


57% 


320 nm 


5nm 


-0.0020 


-0.0019 
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Experiment 


Acetic acid content 


Rth 550 


Re 550 


Gradient (a) 


Gradient (b) 


7 


55% 


400 nm 


8 nm 


-0.0030 


-0.0030 


8 


57.9% 


300 nm 


4 nm 


-0.0006 


-0.0015 



10 



15 



20 



pR F | IMINARV EXPERIMENT 9 

102591 A cellulose acetate solution was prepared in the same manner as in the preliminary experiment 1 . except that 
Stpart^ 

Haake). The sharing speed was 0.1 0tar per «^ H ^S«2S as h the preliminary experiment 1 except 
[0261] Further, celluloseacetatefilmswerc^^^ 

that the above-prepared solutions were used. The f ,lms wereleft J*90C«JjJ ™ 0 ^s measured by using 
Table 3. 



TABLE 3 



Solution or film (number 
of experiment) 


Viscosity of solution 
before preparing film 
(relative value) 


Limiting viscosity fa) of 
solution of prepared film 


1 (before heating) 


100 


1.2 


1 (after heating) 


80 


0.8 


7 (after heating) 


100 


1.2 



35 FXAMPLE1 

(Support of optical compensatory sheet) 

10262] The celluiose acetate film prepared in the preliminary experiment 6 was used as a cellulose ester support of 
40 an optical compensatory sheet. 
(Formation of orientation layer) 

dried at 90°C for 150 seconds to form an orientation layer. 



Coating solution for orientation layer 


The following denatured polyvinyl alcohol 


10 weight parts 


Water 


371 weight parts 


Methanol 


119 weight parts 


Glutaric aldehyde (cross-linking agent) 


0.5 weight part 
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1S 



20 



25 



30 



(Denatured polyvinyl alcohol) _ (C H 2 _CH) 02 - 
— (CH 2 -CH) 12 . 0 — O 



— (CH 2 -CH) 87 .8— - O 

OH C=C 

10 CH 3 



9 

0(CH 2 ) 4 OCOCH=CH 2 



[0264] The formed layer was subjected to a rubbing treatment. The rubbing direction was parai.el to the slow axis of 

the support. 

(Formation of optically anisotropic layer) 

[0*8, h 8.43 g of methyl ethyl Kaon* ,.8 „ of »°^ n ^S£S! "STo W^SElSetc'S. 
was cooled to room temperature to obtain an optical compensatory sheet (1). 



(Discotic liquid crystal molecule) 
R 



35 



40 



45 




R.-0-CO-^^^-0-(CH 2 ) 4 -0-CO-CH=CH 2 



so (Evaluation of optical compensatory sheet) 

the optically anisotropic layer. ^^ik, a «i<;ntronie laver namely the angle between the 
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, , _ camnlo M - nlaced an atmosphere of Os04 for 48 hours to dye the sample. The dyed sample was 

increased. 

(Preparation of VA liquid crystal celD 

mode. The product of An and d was 275 nm. 
(Preparation of liquid crystal display of VA mode) 

tion was 70°. 



EXAMPLE 2 
35 (Support of optical compensatory sheet) 

I0273] The cellulose acetate film prepared in the preliminary experiment 6 was used as a cellulose ester support of 
an optical compensatory sheet. 

40 (Formation of orientation layer) 



tion layer. 



45 



50 
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Coating solution for orientation layer 



10 Wt.% aqueous solution of the denatured polyvinyl alcohol used in Example 1 

Water 
Methanol 

50 wt.% aqueous solution of glutaric aldehyde (cross-linking agent) 



24 g 
73 g 
23 g 
0.2 g 
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rubbing angle was 6°, and the rotating speed of the rubbing roll was 1 ,200 rpm. 
(Formation of optically anisotropic layer) 
I027 61 -n^gofmethy.eth^^ 

acetate butyrate CAB551-0.2, Eastman Chemical), o.ub g a P"™* >j ti go^on. The 

to room temperature to obtain an optical compensatory sheet (2). 
(Evaluation of optical compensatory sheet) 

increased. 

30 (Preparation of OCB liquid crystal cell) 

dire*n on M <*m pi** The t»o 9*= P«* ^^^^TmoSSS ™* in*c*d Mo *. ce.l 

The Re retardation value was 92 nm (Re 4 = 92). 
(Preparation of liquid crystal display of OCB mode) 

[0282] Two optica, compensatory sheets (2) was arranged on both sides ^■J^^JIS S?l£S JaTe 

on the optica, compensatory sheet according to • < ££££S3^o P-c ^ compensatory bend mode. An 
[0283] Voltage of a square wave <~^" » J the transrnrttance (whrie/black) was 

66° along leftward (L) or rightward (R) direction. 



10 



15 



20 



25 



35 



40 



45 



EXAMPLE 3 
55 (Preparation of HAN liquid crystal cell) 
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5 



10 



15 



20 



1TO elscnode » to™ an Th, wo glass pja.es were pjassd * * ^ 

558 nm. The Re retardation value was 46 nm (Re = 46). 
(Preparation of liquid crystal display of HAN mode) 

wmmmmmm 

along leftward (L) or rightward (R) direction. 
EXAMPLE 4 
25 (Stretch of cellulose ester film) 

[0287] A cel.u.ose ester film was prepared in the same manner as in the, preliminary «p^t that the 
peeling speed (when thefiim is peeled off the band) and the rall '"9^ u ( f^£^S 
adjustedThat the ratio of the peeling speed to the rolling speed was 1 :U . T^^^SSSL 240 nm 
so [0288] The Re 550 retardation value of the stretched film was 30 nm. The Rth 55 retardahon value was 240 nm. 

(Preparation of optical compensatory sheet) 

ro2891 An optical compensatory sheet was prepared in the same manner as in Example 1. except thatthe stretched 
SSI SXH * ^ort and'the coating amount of the optically anisotropic layer was ,ncreased tw,ce. 

(Preparation of liquid crystal display of VA mode) 
[0290] Aliquidcrystaldisp.ayc<VAmodewas 

^^33=55=33533= 

tion was 68° or more. 
EXAMPLE 5 
so (Stretch of cellulose ester film) 

[0292] A ceHulose ester film prepared in the preliminary experiment 6 was stretched at 140'C in , a long Mhing 
Sine. The filrn was stretched by 10% along the machine direction. The film was not stretched along the cross d,rec 
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45 
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10 



(Preparation of optical compensatory sheet) 

[0294] An optical compensatory sheet was prepared in the same manner as in Example ^-J.^ Str6tChed 
Zs use?as the support and the coating amount of the optically anisotropic layer was .ncreased tw.ce. 

(Preparation of liquid crystal display of VA mode) 

[0295] A Nquid crysta. display of VA mode was prepared in the same manner as in Example 1 . except that the above- 
prepared optical compensatory sheet was used alignment mode. An image was 

[0296] Voltage of a square .wave was apphed t *£^^j£££££ (white/Hack) was measured as 

^g^ 



is tion was 68° or more. 
EXAMPLE 6 



(Preparation of optical compensatory sheet) 

increased twice. 
25 (Preparation of liquid crystal display of OCB mode) 

[0298] A .iquid crystal display of OCB mode was prepared in the same manner as in Exampie 2, except that the 
above-prepared optical compensatory ^T^" crvsta) ce „ of the optically compensatory bend mode. An 
[0299] Voltage of a square wave ^^ to JJ^J A Trto or the transmittance (white/black) was 

68° along leftward (L) or rightward (R) direction. 
EXAMPLE 7 

(Preparation of optical compensatory sheet) 
increased twice. 
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40 



45 



50 



(Preparation of liquid crystal display of OCB mode) 

[0301] A liquid crystal disp.ay of OCB mode was prepared in the same manner as in Example 2. except that the 
above-prepared optical compensatory sheet was used. compensatory bend mode. An 

[0302] Voltage of a square wave JSS^ce (wh^ack) was 

=^sru?z 

68° along leftward (L) or rightward (R) direction. 



55 
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EXAMPLE 8 



(Preparation of liquid crystal display of HAN mode) 

. [0303] AHquidcrystadispla^^^ 

compensatory sheet prepared in Example 6 was used. direction inclined by 

[0304] Light was irradiated to *e liqu,d crystal ^^^Ze^s^ to the liquid crystal ceil of the 
20' from the normal line of the display surface. Vottage of a _square ^^JP ^ 2V) . A ra1i0 „, the 

hybrid aligned nematic mode. An image was ^Jf^^ and rightward contrast 

to transmittance (white/Hack) was measured as * "S"^ viewln image having 

along leftward (L) or rightward (R) direction. 
15 EXAMPLE 9 

(Preparation of liquid crystal display of HAN mode) 

[0305] ^ay^dmm^^^P^^^^^^^^^^^ 



20 



25 
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35 



40 



45 



50 



LlA?U«Jj nn M u.«v.;w«. 1 * 

compensatory sheet prepared in Example 7 was "sea direction inclined by 

[0306] Light was irradiated to the liquid crystal cell of the "ybnd a J™*™™^"^ |iquid crystal cel , of the 
20- from the normal line of the display surface. Voltage of 2 J). A ratio of the 

hybrid aligned nematic mode. An image was ^^^^S^^^T ana rigntward contrast 
transmittance (white/black) was measured as ^ n ^ ra ^ s e u ^^ angles that can view an image having 

=== 

along leftward (L) or rightward (R) direction. 



EXAMPLE 10 

(Preparation of liquid crystal display of OCB mode) 



«ec.on rSSCn a lS^e^^^SSSn and « .to =x* was «•. 



[0308] 

decreased while displaying a black image. 
EXAMPLE 11 

(Preparation of liquid crystal display of OCB mode) 



[0309] A liquid crystal disp.ay of OCB mode "F^SE^^S^ 

iected direction of the the slow axis was 45». 

srA^ 



[0310] 

decreased while displaying a black image. 
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EXAMPLE 12 

(Preparation of liquid crystal display of VA mode) 

tal cell (the polarizing element on the other side was not changed). 
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[0313] The quality of the displayed image was the same as the quality in Example 1 . 
FX AMPLE 13 

5 (Preparation of liquid crystal display of OCB mode) 

15 EXAMPLE 14 

(Preparation of liquid crystal display of HAN mode) 

Snq C6 me quality of the displayed image was the same as the quality in Example 3. 
ppci nt/iiMARV EXPERIMENT 10 

Sum Co.. Ud. )■ The wavelength of light was 550 nm. The results are set forth .n Table 4. 
PPFI IMINARY EXPE RIMENT 1 1 

[0322] A cellulose ester fi.m was prepared and evaluated in the same = ner asin the^'iminary experiment 10. 
Sxept that the retardation increasing agent (5) was not used. The results are set forth in Table 4. 

PRFI IMINARY EXPER IMENTS 12 to 20 

[0323] Ce.lu.ose ester films were prepared and evaluated in me same ^^^^^^ 
excep that 0.90 weight parte of the retardation increasing agents 03), (7), (31). (36). (37). (38). W . ;ou, 
used in place of the agent (5) respectively. The results are set forth in Table 4. 

45 PRELIMINARY EXPERIMENTS 21 to 24 

[0324] Ce.lu.ose ester films were prepared and 

except that 0.90 weight parts of the following comparative compounds (x1). (x2). (x3) ana ix*, we 



20 



25 



30 



35 



40 



agent (5) respectively. The results are set forth in Table 4. 
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(xl) (x2) 



^XOOC 4 H 9 ^.COOC 8 H 17 
^A C OOC 4 H 9 ^^COOC 8 H 17 



(x3) < x4) 



CH3OOC 



^.COOCH 3 /^COOC 8 H 17 
A^ C OOCH 3 C 8 H 17 OOC^^COOC 8 H 17 



TABLE 4 



Rim 


Retardation increasing 
agent 


Rth 550 retardation value 


10 


(5) 


181 nm 


11 


None 


20 nm 


12 


(6) 


200 nm 


13 


(7) 


222 nm 


14 


(31) 


99 nm 


15 


(36) 


158 nm 


16 


(37) 


158 nm 


17 


(38) 


166 nm 


18 


(44) 


71 nm 


19 


(50) 


75 nm 


20 


(81) 


80 nm 


21 


(x1) 


30 nm 


22 


(x2) 


30 nm 


23 


(x3) 


30 nm 


24 


(x4) 


30 nm 



PRFl IMINARY FYPFRIMENT25 

,0325, Vtfth 45 weight parts of ce.. U .ose acetate <J«£^ J^S^SS 
X^^^^XX^^ S -5— - 3,0 weight 

&- ^sr Snisr sskss — ^ . m , - 

So.. !.«.) The wavelength of light was 550 nm. The results are set forth >n Table 5. 
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PREI IMINARY EXPERIMENT 26 

[0 328] A cellulose ester film was prepared and evaluated in the same manner as in **^f™* ^ 
ESpttha^ " 

5 PRELIMINARY EXPERIMENTS 27 to 29 
[0 329] Ce..u,oseester»i.n*w^^^ 

except that 0.90 weight parts of the retardation increasing agents (8), (31) and (75) were usea in p 
io respectively. The results are set forth in Table 5. 



TABLE 5 



15 



20 



Film 


Retardation increasing 
agent 


Rth 550 retardation value 


25 


(3) 


120 nm 


26 


None 


50 nm 


27 


(8) 


120 nm 


28 


(31) 


180 nm 


29 


(75) 


120 nm 



25 



30 



PRELIMINARY EXPERIMEN TS 30 to 33 

' C0330, Ce.lu.ose ester fl.ms were prepared and evaiuated ^^^^^S^^^ 
and 27 to 29. except that the amount of the retardation increasing agent was changed to 2.0a weigni pa 

are set forth in Table 6. 

TABLE 6 





Film 


Retardation increasing 
agent 


Rth 5b0 retardation value 


35 


30 


(3) 


240 nm 




26 


None 


50 nm 




31 


(8) 


240 nm 


40 


32 


(31) 


300 nm 




33 


(75) 


240 nm 
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EXAMPLE 15 

(Preparation of liquid crystal display of VA mode) 

Wmmmmm 

tion was 70°. 
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EXAMPLE 16 
(Preparation of liquid crystal display of OCB mode) 



66° along leftward (L) or rightward (R) direction. 
15 FXAMPLE 17 

(Preparation of liquid crystal display of HAN mode) 

hybrid aligned nematic mode. An image was ^P^j^!^ -gn^rd contrast 

t— nce(whit^ 

along leftward (L) or rightward (R) direction. 
30 EXAMPLE 18 

(Stretch of cellulose ester film) 

rolled) was so adjusted that the ratio of the peeling speed to the rolling «pertw«i^ nu 
03381 "me Re* 30 retardation value of the stretched film was 30 nm. The Rth 550 retardation value was zw nm. 



20 



25 



[0338] 

40 (Preparation of optical compensatory sheet) 



[03391 An optical compensatory sheet was prepared in the same manner as in Example 15. except thai t the stretched 
EL ^slhe support and" the coating amount of the optically anisotropic layer was increased tw,ce. 

45 (Preparation of liquid crystal display of VA mode) 
[0340] AliquidcrystaldisplayofVAmode^ 



tion was 68° or more. 
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EXAMPLE 19 

(Stretch of cellulose ester film) 



10 



20 



gST Station value of the stretched film was 30 nm. The Rth retardation value was 240 nm. 

(Preparation of optical compensatory sheet) 

10344] An optical compensatory sheet was prepared in the same manner as in Example 1*^*-"* 
IZs urttHhe support and the coating amount of the optically anisotrop-c layer was increased tw.ce. 

(Preparation of liquid crystal display of VA mode) 

,03.51 AI«^on^^OfVAi^w«sP'^i"»^~™» lnE ^ e1 ' TOWM ** aCW 



25 II 

tion was 68° or more. 



35 



40 



EXAMPLE 2Q 

(Preparation of optical compensatory sheet) 
increased twice. 

(Preparation of liquid crystal display of OCB mode) 

[0348] A liquid crystal display of OCB mode was prepared in the same manner as in Example 16. except that the 
45 68° along leftward (L) or rightward (R) direction. 

EXAMPLE 21 

(Preparation of optical compensatory sheet) 

increased twice. 
55 (Preparation of liquid crystal display of OCB mode) 

[0351] A liquid crystal display of OCB mode was prepared in the same manner as in Example 16. except that the 
above-prepared optical compensatory sheet was used. 
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[0352] Voltage of a square wave was applied to the liquid crystal cell of the optically compensatory bend mode. An 
mage was displayed according to an NW mode (black: 6V, white: 2V). A ratio of the transmrttance (whrtefclack) was 
Z£Z asTcontrast ratio, fhe upward, downward, leftward and rightward contrast rafos were » 
a meter (LCD-5000. Ohtsuka Electron Co., Ltd.). As a result, the viewing angles that can v.ew an .mage > having a con- 
fraTratioS not smaller than 10 were 80" or more along upward (U) direction. 60- along downward (D) direction and 
68° along leftward (L) or rightward (R) direction. 

EXAMPLE 22 

(Preparation of liquid crystal display of HAN mode) 

[0353] A liquid crystal display of HAN mode was prepared in the same manner as in Example 1 7, except that the opti- 
cal corrtDensatorv sheet prepared in Example 20 was used. . 
rasSl S wasLdiated to the liquid crystal cell of the hybrid aligned nematic mode along the direction incinedby 
£!LT£L line of the display surface. Vottage of a square wave ~J^»£^ZftZ" ° £ 
hybrid aligned nematic mode. An image was displayed according to an NW mode (blacteSV. whrte. *0££oc^ 
transmitters (white/black) was measured as a contrast ratio. The upward, downward, leftward and r.ghtward contrast 

Slr tn 10 were 480 along upward (U) direction. 28" along downward (D) d,rect,on and 41- 

along leftward (L) or rightward (R). direction. 

EXAMPLE 23 

(Preparation of liquid crystal display of HAN mode) 

[0355] A liquid crystal display of HAN mode was prepared in the same manner as in Example 1 7, except that the opti- 
cal corrtDensatory sheet prepared in Example 21 was used. . .. 
SST35 w/s irradiated to the liquid crystal cel. of the hybrid aligned nematic mode along the 
20» from the normal line of the display surface. VoKage of a square wave wa^ , . pphed to the hqurt crystal ce« o *J 
hybrid aligned nematic mode. An image was displayed according to an NW mode (black: 6V, whrte. 2V^ A ra*°ofthe 
TnsmSnce (white/black) was measured as a contrast ratio. The upward, downward, leftward and nghtward cortrast 
Sr w ^e measured by using a meter (bm-7. TOPCON). As a result, the viewing angles that ™^ « 
a contrast ratio of not smaller than 10 were 48° along upward (U) direction. 28- along downward (D) direction and 41 
along leftward (L) or rightward (R) direction. 

EXAMPLE 24 

(Preparation of liquid crystal display of OCB mode) 

r03571 A liquid crystal display of OCB mode was prepared in the same manner as in Example 20, except that the pro- 
SdirtS a , tTnomiSaMine of the discotic plane of the optical anisotropic layer andthe slow ax,s * r to cellulose 
ester support was so adjusted that the angle between the average projected direction and the slow axis was 45 . 
SSaTtoiW^BS displayed on the liquid crystal display. As a result, leak of light along an .ncl.ned d.rection was 
decreased while displaying a black image. 

FXAMPLE 25 

(Preparation of liquid crystal display of OCB mode) 

[0359] A liquid crystal display of OCB mode was prepared in the same manner as in Example 21 , except thai t the pro- 
Sdirection of the nominal line of the discotic plane of the optical anisotropic layer and the stow ax.s of the ce lulose 
ester support was so adjusted that the angle between the average projected direction and the slow ax.s w*s 46 ^ 
SbO] image was displayed on the liquid crystal display. As a result, leak of l.ght along an .ncl.ned direction was 
decreased while displaying a black image. 



51 



EP0 911 656 A2 

FX AMPLE 26 

(Preparation of liquid crystal display of VA mode) 

Sn^tory JSOrn £ used and the above-prepared polarizing element was used on one sde of the l,qu.d crys- 
w tal cell (the polarizing element on the other side was not changed). 

[0363] The quality of the displayed image was the same as the quality in Example 15. 

EXAMPLE 27 

is (Preparation of liquid crystal display of OCB mode) 

Co Ltd ) was attached to the other side of the polarizing layer to prepare a polanzing element. onti 

crystal cell (the polarizing element on the other side was not changed). 

[0366] The quality of the displayed image was the same as the quality in Example 16. 

2S EXAMPLE 28 

(Preparation of liquid crystal display of HAN mode) 

JSSTtIw quality of the displayed image was the same as the quality in Example 17. 
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Claims 
1 



55 



following formula in the range of 70 to 400 nm: 

Rth 550 = [{(nx+ny)/2}-nz]xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the ^support; nz 
£ S princTal rSe index me'asured by light of 550 nm along the thickness direct.cn of the support, and d is 

the thickness of the support. 

2 Theopticalcompensatorysheetasdef^ 

value defined by the following formula in the range of 20 to 300 nm: 

Re 550 = |nx-ny|xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support: and 
d is the thickness of the support. 

3. The optical compensatory sheet as defined in daim 1 , wherein the cellulose ester is cellulose acetate. 

4. The optical compensatory sheet as defined in claim 3, wherein the cellulose acetate has an acetic acid content in 

the range of 55.0 to 58.0%. 
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s The ootical comoensatory sheet as defined in claim 1 . wherein the cellulose ester support contains a compound 

ester. 

6 The optical compensatory sheet as defined in claim 5, wherein the compound has a molecular structure that does 
not cause a steric hindrance of the configuration between the two aromatic rings. 

7. The optical compensatory sheet as defined in ciaim 1 , wherein the cellulose ester support has a thickness in the 
range of 40 to 120 |xm. 

8. The optical compensatory sheet as defined in claim 1 . wherein the cellulose ester support is formed by a solvent 
casting method. 

9. A liquid crystal disp.ay comprising a liquW crystal cel., two P^*^™^^ 

crystal cell and at least one optical compensatory sheet arranged between the hqud crystal ceH anc I at ^least one 
o7tSSizJTg elements, said optical compensatory sheet comprising a cellulose ester support and ^ opUca^ 
anStrop^ ^ coining a discotic liquid crystal molecule, wherein the cellulose ester support has a Rth 
retardation value defined by the following formula in the range of 70 to 400 nm: 

Rth 550 = [{(nx+ny)/2}-nz]xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support: nz 
S TprX* !^* index measured by light of 550 nm along the thickness direction of the support; and d ,s 
the thickness of the support. 

10. Theliquid crystal display as defined in claim 9. whereinthe optically anisotropic layer is arranged between the liquid 
crystal cell and the cellulose ester support. 

11. The liquid crystal display as defined in daim 10. wherein the cellulose ester support has a Re 550 retardation value 
defined by the following formula in the range of 20 to 300 nm: 

Re 550 = |nx-ny|xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; and 
d is the thickness of the support. 

1 2. The liquid crystal display as defined in daim 1 1 , wherein the liquid crystal cel. is a cell of a vertically aligned mode, 
an optically compensatory bend mode or a hybrid aligned nematic mode. 
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FIG. 2 
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FIG. 3 
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FIG. 4 



(a) (b) 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 12 




FIG. 13 
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FIG. 15 
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(57) An optical compensatory sheet comprises a 
cellulose ester support and an optically anisotropic 
layer. The optically anisotropic layer contains a discotic 
liquid crystal molecule. The cellulose ester support has 
a Rth 550 retardation value in the range of 70 to 400 nm. 
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